The results of several large studies of hypertension and follow up studies on insured people have indicated that the lower the blood pressure the better for longevity. These studies excluded subjects with overt ischaemia. More 
Introduction
Follow up studies on people with life insurance have indicated that the blood pressures optimal for longevity are those below 110 mm Hg systolic and 70 mm Hg diastolic,' and data from the Framingham survey did not disagree with this conclusion.2 The therapeutic goal of "the lower the better" was, however, questioned by Anderson, who examined unsmoothed data from the Framingham study and suggested that whereas a continuous positive relation existed between systolic blood pressure and cardiovascular events a "dog-leg" relation existed between diastolic blood pressure (measured at phase V) and cardiovascular events, with the break occurring at about 90 mm Hg.3 This dog-leg relation was also strong in the pooling project,4 which pooled the rates of death from all causes of men in four carefully studied populations (in Albany and Tecumseh and two in Chicago).
Stewart, who suspected that excessive long term reduction of blood pressure caused myocardial infarctions as well as preventing them, showed that in 169 patients being treated for moderate to severe hypertension the relative risk of myocardial infarction in those whose diastolic blood pressure (phase IV) was less than 90 mm Hg was more than five times that in those whose diastolic pressure was 100-109 mm Hg. Six studies reported in 1987 and 1988, which included a total of 14 536 patients with mild to severe hypertension, showed a J shaped or U shaped relation between diastolic blood pressure (phase V) and myocardial infarction.'3' § The table shows the basic protocols of these studies, and figure 1 shows their J curves and J points (the J point is the point at the lower end of the range of diastolic blood pressure at which the lowest incidence of myocardial infarction occurs). The J point varied from 80 to 91 mm Hg, being 85-87 mm Hg in four studies, and was also found (at 90 mm Hg) in elderly patients with untreated hypertension. 16 Cruickshank et al claimed that the J curve was present only in hypertensive patients who also had ischaemia (shown by previous myocardial infarction, angina, intermittent claudication, or electrocardiographic evidence of ischaemia),'3 whereas Waller et al and Fletcher et al suggested that both patients with ischaemia and patients without ischaemia showed a J curve (though the evidence for patients without ischaemia given by Fletcher et al is not convincing). '8 1 The J curve occurred in both men and women'8 9; it was independent of the size of the fall in blood pressure on treatment'3 1819 and the pulse pressure (Cruickshank et BMJ VOLUME 297 12 NOVEMBER 1988 Mechanism of the J curve PULSE PRESSURE Sleight recently suggested that patients with a wide pulse pressure (that is, poor compliance of the arterial wall) rather than patients with ischaemia might be the group at risk from myocardial infarction if diastolic blood pressure is too low.20 Re-examination of the "Clatterbridge" data on 902 patients treated for moderate to severe hypertension who were followed up for a mean of 6 1 years (maximum 10-2 years)'3 provided no evidence to suggest that the J curve relation between diastolic blood pressure during treatment and death from myocardial infarction was confined to patients with a wide pulse pressure. In the original report atheromatous narrowing of the coronary arteries had been suggested to be the underlying condition giving rise to the J curve. ' Waller et al claimed that the inconsistence pressure at which the J point occurs is a reason for not accepting that lowering diastolic blood pressure too far could be dangerous.'8 A large part of the purported inconsistency can, however, be ascribed to the fact that diastolic blood pressure was measured at phase IV in some studies7 and phase V in others. The six recent studies (table) all used phase V, and four of the six had a J point of 85-87 mm Hg. The J point of course depends on how many arbitrary subdivisions of diastolic blood pressure were used when the study was analysed. The J point may be found more precisely by using more subdivisions though small numbers of deaths from myocardial infarction in each division became a problem for interpretation. Having at least two subdivisions below the J point would elucidate the pattern of increasing numbers of deaths from myocardial infarction. Two subdivisions below the J point are present in the study of Waller et al and show a large increase in morbidity or mortality among patients with diastolic blood pressure less than 5 mm Hg below the J point (fig 1) .8 Reanalysis of the Clatterbridge data, breaking down the diastolic blood pressure of treated patients into nine subgroups, confirmed the J point of 84-85 mm Hg found with the original three subgroups-that is, most of the deaths from myocardial infarction did not occur at the very lowest diastolic blood pressures (<78 mm Hg) (fig 4) .
The mechanism of the J curve relation between diastolic blood pressure and myocardial infarction has been much debated. From this has emerged the hypothesis that the J curve results solely from patients with impaired ischaemic left ventricular function, who have a poor prognosis. 8 The loss of autoregulatory reserve in the coronary circulation is not mitigated by enhanced extraction of oxygen as it is in the cerebral circulation.24 In the coronary circulation oxygen extraction is almost maximal at rest, and an inappropriately low diastolic blood pressure can lead to myocardial ischaemia. The loss of coronary flow reserve is exacerbated by left ventricular hypertrophy and by high heart rates so the method of lowering blood pressure may be important: agents that reverse left ventricular hypertrophy or do not increase heart rate will better preserve coronary flow reserve. This might account for the excess mortality in patients receiving nifedipine, around the time of infarction, which lowers blood pressure and increases heart rate, compared with placebo25 but not in those who had a ,1 blocker added to the nifedipine regimen. 26 These models are compatible with the claim that the J curve relation between diastolic blood pressure and myocardial infarction is confined to hypertensive patients with accompanying overt ischaemia. ' 16 Care should be taken in extrapolating data on the J curve derived from hypertensive patients with ischaemia to normotensive patients with ischaemia as the normotensive patients may have better coronary flow reserve in the absence of left ventricular hypertrophy28 I and the autoregulatory curve relating coronary flow to pressure is likely to be set at a lower level than in patients with hypertension-that is, the J point may be lower.
